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INTRODUCTION
Follicular lymphoma (FL) is the second-most common type of non-Hodgkin lymphoma in the United States and Europe, 1, 2 and is increasing in frequency even in Japan. 3 FL is characterized by indolent clinical behavior and subsequent histological transformation linked with an aggressive clinical course and poor outcomes. A substantial number of patients exhibit no clinical symptoms and do not need immediate treatment irrespective of clinical stage, although FL is recognized as an incurable malignant disease.
The treatment modality for patients with malignant lymphoma is generally selected based on clinical stage being early or advanced. 4 For early-stage FL, involved-field irradiation therapy is recommended by published guidelines. 5, 6 Moreover, irradiation is the only treatment strategy to demonstrate any advantage in terms of overall survival, although the evidence for this was obtained from retrospective studies. 7, 8 However, the reality is that several treatment strategies have been applied for patients with early-stage FL, including combined-modality therapy (CMT), irradiation alone, watch-and-wait (WW), and more recently, rituximab (R)-containing chemotherapy or R monotherapy, [9] [10] [11] probably because recommendations have been based on relatively small, retrospective studies from a single center. 5, 6 Diseasefree survival rates for patients with early-stage disease were
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Akihiko Yokohama, 1) Yoko Hashimoto, 2) Makiko Takizawa, 2) Hiroaki Shimizu, 2) Yuri Miyazawa, 3) Akio Saitoh, 4) Kohtaro Toyama, 4) Takuma Ishizaki, 2) Takeki Mitsui, 2) Hiromi, Koiso, 2) Takayuki Saitoh, 5) Kayoko Murayama, 6) Morio Matsumoto, 3) Morio Sawamura, 3) Hirokazu Murakami, 5) Junko Hirato, 7) Masaru Kojima, 8) Yoshihisa Nojima, 2) Hiroshi Handa, 2) Norifumi Tsukamoto 9) 44 -54% at 10 years when treated with involved-field irradiation. 12, 13 CMT resulted in 76% of patients being free from treatment failure at 10 years. 14 In comparison, even patients treated with a WW policy reportedly had excellent overall survival. 15 The best treatment strategy for early-stage FL thus remains controversial in the absence of evidence from prospective, randomized trials. One specific characteristic of early-stage FL, particularly stage I disease, is that a substantial proportion of patients undergo total resection after diagnostic surgical biopsy. Such patients presumably have minimal disease compared with other early-stage FL patients, and successful local control by surgical removal may obviate the need for irradiation. However, little clinical information is available regarding patients in this setting, especially since the emergence of modern technologies such as 18 F-fluorodeoxyglucose positron emission tomography (18F-FDG-PET) and Rituximab. Therefore, this study examined the clinical characteristics of patients who underwent total resection of FL after diagnosis and clinical outcomes after different treatment strategies.
MATERIAL AND METHODS
Among four participating institutes in Japan, a total of 305 patients were diagnosed with FL between January 2001 and July 2013. Duodenal FL and cutaneous FL were excluded from this study because they are distinct clinical entities. Histological diagnosis was made according to the classification criteria of the World Health Organization, 16 and patients with grade 3b were also excluded. Among 305 patients, 36 were defined as having clinical stage I disease based on the Ann Arbor Staging system after rigorous staging procedures, 17 which required pathological and flow cytometric diagnosis of bone marrow aspirates, and diagnostic imaging using whole-body CT and/or 18F-FDG-PET/CT. When residual tumor after diagnostic tissue biopsy was not apparent from imaging or physical examination, the patient was assigned to the "resected tumor group". If residual disease was apparent, the patient was assigned to the "residual tumor group". Laboratory data, including concentrations of soluble interleukin-2 receptor α (sIL2Rα), were evaluated at diagnosis. Treatment strategies for each patient, categorized as chemotherapy with R, R monotherapy, WW or involved-field irradiation, were determined at the discretion of the physician. Complete response (CR) was defined as disappearance of tumor, and partial response (PR) as a decrease of ≥50% in maximum tumor diameter on whole-body CT. When tumor growth was determined by tissue biopsy or other appropriate imaging modality after response, the patient was considered to have disease relapse. The study protocols were approved by the institutional review board at each participating institute.
Statistical analysis: Progression-free survival (PFS) was calculated from the day of diagnosis to the day of event (death from any cause, relapse or progressive disease), and analyses were performed using Kaplan-Meier methods. Survival was compared using the log-rank test. All statistical analyses were performed using JMP version 12 software (SAS, Cary, NC).
RESULTS
Clinical characteristics of the 36 patients with stage I FL are shown according to patient group in Table 1 . In the resected tumor group, the median age was 56.5 years, and 6 patients (33.3%) were male. The histological grade was 1 -2 in 16 patients (88.9%). Cytogenetic analysis of tumor tissue was performed for 7 patients; t(14;18)(q32;q21) was detected in 2 patients and t(3;14)(q27;q32) was detected in 1 patient. FISH analysis for bcl2-IgH fusion gene was performed for one patient among them. FDG-PET/CT was performed for 13 of the 18 patients (72.2%). None of these characteristics were significantly different between the resected and residual tumor groups, with the exception of sIL-2Rα concentration.
As initial treatments, WW (38.9%) and irradiation (38.9%) were the most frequent in the resected tumor group, whereas irradiation (50.0%) and systemic therapy (50.0%) were the most frequent in the residual tumor group ( Table 2) . The median irradiation dose was 30 Gy (range, 30-40 Gy) in the resected tumor group and 40 Gy (range, 30-50 Gy) in the residual tumor group. With regard to systemic therapy in the resected tumor group, 2 patients were treated with R monotherapy, 1 patient with R-CHOP and the remaining patient with CMT. In the residual tumor group, 4 patients were treated with R-CHOP, 4 patients received CMT and 1 patient received R monotherapy. All patients in the residual tumor group received some form of invasive treatment. The selected treatment strategies differed significantly between groups ( Table 2 ; chi-squared test, p = 0.0026). To evaluate the influence of extranodal presentation on treatment choice, the same analysis was performed for patients with nodal disease only. We confirmed similar results (data not shown, p = 0.0091).
Treatment Response: For the entire stage I cohort, CR was achieved in 35 of the 36 patients (97.3%) after initial treatment, with PR in the remaining patient. The median follow-up was 62.4 months, and 5-year PFS was 73.1% (95% confidence interval (CI), 55.5-85.5%). All 11 patients who relapsed had nodal disease at diagnosis. No patients developed secondary primary malignancy (SPM) or died of disease.
In the resected tumor group, the median duration of follow-up was 48.2 months. All 18 patients achieved CR after initial therapy. The 5-year PFS was 77.8% (95%CI, 53.5-91.4%). All 5 patients exhibited relapse distant from the primary site, and all had nodal disease at diagnosis ( Table 3 ). The 5-year PFS was 71.4% for all patients with nodal FL with resected disease. Among the 5 patients with relapse, 2 patients were treated with R-CHOP, one with R monotherapy, one with irradiation and one with WW after relapse. By the end of the study, 3 patients remained alive with relapsed disease and the remaining two were alive without disease. One patient exhibited histological transformation 47 months after In the residual tumor group, the median follow-up was 79.0 months. The 5-year PFS was 67.3% (95%CI, 40.0-86.4%). One patient with PR in the residual tumor group had nodal lymphoma and achieved PR after 8 doses of R, and has remained in CR after receiving additional irradiation therapy. Six patients developed relapse, and treatment after relapse was R monotherapy in two, R-CHOP and surgical resection in one each, and WW in two. Four patients remained alive without disease and the remaining two were alive with disease.
As patients who had undergone total resection had extremely small residual lymphoma cells, resection status may favorably influence survival. However, comparison of PFS between the resected and residual tumor groups demonstrated no influence of resection status on survival (Fig.1 ).
DISCUSSION
As a special characteristic of stage I FL, lymphoma lesions are able to be completely resected after diagnostic tissue biopsy. Seymour et al. reported that 24 of 102 patients with early-stage indolent lymphoma (23.5%) were without residual disease at initial treatment. 14 Likewise, 27 of 85 early-stage FLs (31.8%) demonstrated total resection status in the MabThera and IF RT (MIR) trial. 18 In our study, 18 of 36 patients with stage I FL (50%) had undergone resection.
Patients with this status are probably not rare among cases of early-stage FL, especially at stage I, but clinical information regarding these patients is limited.
Even in this small observational study, treatment choice differed according to patient status in the resected or residual tumor group (p = 0.0026), although all patients had the same stage I disease after a rigorous staging procedure. Physicians selected systemic therapy more often for those in the residual tumor group and WW more often for those in the resected tumor group. In the United States, treatment choice has been reported to change depending on age, race, marital status and year of diagnosis, as well as income or health insurance coverage even among patients limited to earlystage disease. 19, 20 As such socioeconomic characteristics were not collected in the present study, we cannot rule out the possibility that other factors influenced our results. Thus, it is possible that nodal or extranodal presentation influenced treatment choice. To examine the relationship between primary site and treatment choice, we performed statistical analysis only for patients with nodal disease. Results were similar among all patients (p = 0.0091). In additional analyses, we found no significant difference in PFS between resected and residual tumor patients with nodal disease only. These results revealed that extranodal presentation did not influence treatment choice or PFS in this study. Considering the racial homogeneity and universal health care system in Japan, we believe that treatment choice in this study was simply a Table 3 . Clinical course of totally resected tumor patients reflection of disease status. WW is a conceivable selection for patients with no treatment target in the resected tumor group, and physicians may add additional treatments for patients with residual disease. As this was a retrospective, regional study on a small number, the observed treatment trends may not be able to be generalized. Our basic treatment policy for stage I FL is irradiation, and irradiation was the most frequent for all stage I FLs. This policy may have influenced the treatment choice. Soubeyran et al. examined survival status among 43 patients with "stage I0" FL who underwent total resection after tissue biopsy. 21 A WW policy was adopted for 26 patients and 17 received involved-field irradiation up to 40 Gy, with or without chemotherapy. In the WW group, 13 patients relapsed. Six developed local relapse after a median follow-up of 4.2 years, whereas no local relapse was observed in the irradiated group. In general, the local relapse rate after irradiation for early-stage FL is less than 10%, [22] [23] [24] demonstrating the effectiveness of irradiation for local control. Furthermore, considering irradiation as the only strategy with benefits in terms of overall survival for early-stage FL, 7, 19, 20 irradiation is one of the most important treatment strategies, as reflected in several guidelines and review articles for early-stage FL. 5, 6, 25, 26 On the other hand, 7 of 13 patients in the WW group experienced distal relapse shortly after diagnosis in their report (median, 1 year; range, 0.5-5 years). 21 This suggests that the staging assessment applied was insufficient for stringent determination of clinical stage. In several studies conducted prior to the advent of new imaging modalities, such as 18 F-FDG-PET, the PFS or Freedom From Relapse curve often dropped within the first 1-2 years after diagnosis in low grade lymphoma, including FL, of stage 1 or 2. 12, 22 This supports the importance of rigorous staging protocols. Although the 7 patients in the resected tumor group observed under WW never exhibited local relapse, sensitive FDG-PET imaging may have allowed for strict segregation of resected patients, as 5 of these 7 patients had been evaluated using FDG-PET/CT. If so, sparing irradiation for the resected tumor group may be a suitable strategy after FDG-PET staging. FL is now considered an FDG-"avid" disease. 27, 28 Considering that 23.9-29% of early FL cases were upstaged to advanced stage based on FDG-PET and 0-5.1% were downstaged, 29, 30 FDG-PET staging procedures may be important for clinical evaluation of FL, particularly for early-stage cases.
In this study, all relapses occurred distant to the primary site irrespective of disease status or treatment strategy. Prevention of distal relapse remains an important clinical problem for early-stage FL. To overcome this problem, systemic therapy may be warranted. Indeed, some studies have reported that PFS or disease-specific survival improved more after systemic chemotherapy than after irradiation alone or with a WW strategy. 11, 31 However, other studies have not found such improvements; 21, 24 therefore, the importance of systemic therapy remains debatable. Recently, R has become the preferred candidate for systemic therapy in terms of adverse events such as SPM. A recent observational study demonstrated excellent survival for patients treated with R with or without irradiation, 11, 32, 33 although the follow-up period was not long enough to estimate clinical outcome. As most of these studies were retrospective in nature, prospective trials are needed to clarify future directions of treatment for early-stage FL.
In conclusion, different treatment strategies were selected for stage I FL patients depending on disease status. However, as this was a small, retrospective series, it is difficult to draw a conclusion in terms of the best treatment choice for stage I FL. Considering that resection status had no benefit for PFS after these treatment strategies, patients who underwent resection are not special among stage I FL patients, although a WW strategy may be possible if a rigorous staging assessment is applied.
